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DETAILED ACTION 

This action responds to the Amendment filed 1 December 2003. 


Drawings 

The drawings are objected to under 37 CFR 1 .83(a). The drawings must show every 
feature of the invention specified in the claims. Therefore the "intermediate agent layer, must be 
shown or the feature(s) canceled from the claim(s). No new matter should be entered. 

Regarding claim 1, the figures presently show that the top surface 42 of encapsulation 
layer 40 is bonded to the top surface 90 of the second substrate 80 - not the relaxed SiGe layer 
30. The encapsulation layer is indicated in the specification to be a material different from the 
metals. (See instant specification at p. 6, lines 1-12 for verification that layer 40 is NOT a metal) 
Applicant's arguments regarding the drawings presented in the paper filed 1 December 2003 are 
noted but are clearly incorrect. Applicant has failed to consider the teachings in his own 
specification in regard to the "intermediate agent layer being shown since layer 40 is not an 
intermediate agent layer" but is instead an "encapsulation layer." 

A proposed drawing correction or corrected drawings are required in reply to the Office 
action to avoid abandonment of the application. The objection to the drawings will not be held 
in abeyance. 


Claim Rejections - 35 USC § 112 

1 . The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 


The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
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pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claims 1, 6, 9, 10, 18, 19, and 21-23 are rejected under 35 U.S. C. 1 12, first paragraph, as 
failing to comply with the enablement requirement. The claim(s) contains subject matter which 
was not described in the specification in such a way as to enable one skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and/or use the invention. 

Regarding claim 1 , there is no evidence in the specification or the claims as originally 
filed that Al v/ill form a silicide during the bonding of the substrates. (See instant specification at 
p. 7, lines 9-17.) Accordingly claim 1 is not enabled. The remaining claims are rejected for 
depending from the above rejected claims. 

Claims 1, 6, 9, 10, 18, 19, and 21-23 are rejected under 35 U.S.C. 1 12, first paragraph, as 
failing to comply with the written description requirement. The claim(s) contains subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventor(s), at the time the application was filed, had possession of the 
claimed invention. 

There exists no support in the specification or claims as originally filed for the use of Al 
as a metal that will form a silicide upon bonding of the substrates. (See instant specification at p. 
7, lines 9-17.) Accordingly the amendment to claim 1 constitutes new matter. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this tide, if the differences between the subject matter sought to be patented and the prior art are 
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such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

3. Claims 1, 9, 10, and 19 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

US 6,521,041 B2 (Wu et al.) in view of US 6,328,796 Bl (Kub et al) and Wolf, et al. Silicon 

Processing for the VLSI Era. Vol. 1 -Process Technology , Lattice Press: Sunset Beach CA, 1986, 

pp. 386-391. 

Wu discloses a method of preparing a relaxed SiGe layer on an insulator and a SiGe/Si 
heterostructure comprising the steps of 

forming a graded Sii-xGcx epitaxial layer 1004 on a first single crystalline semiconductor 
substrate 1002 (col. 1, lines 9-10; Fig. 10); 

forming a relaxed Sii.yGcy epitaxial layer 1006 (col. 13, lines 63-64; col. 8, lines 40-48) 
over said graded Sii-xGcx layer; 

selecting a second substrate 1010, said second substrate with or without an insulator 
1012; and 

bonding said top surface of said relaxed Sii.yGcy epitaxial layer on said first substrate to 
the top surface of said second substrate, said step of bonding including the step of annealing to 
form sufficiently strong bonds across the bonding interface to form a single mechanical structure 
(Fig. 10). (See also col 13, line 63 to col. 14, line 23.) 

Further regarding claim 1 and claim 10 Wu does not indicate whether or not the surface 
of the relaxed Sii-yGcy epitaxial layer 1006 is smoothed to provide a surface roughness in the 
range from about 0,3 nm to about 1 nm root mean square (RMS) using chemical mechanical 
planarization (CMP) -as further limited by instant claim 10- prior to bonding, or that the second 
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substrate 1010 with or without an insulator 1012 has a surface roughness in the range from about 
0.3 nm to about 1 nm RMS prior to bonding. 

Kub teaches that in order to obtain direct bonding between substrates, that the bonding 
surfaces must have a RMS surface roughness of less than 1 nm and can be obtained by polishing 
(col 4, lines 4-8) and that such polishing is known in the art to be chemical mechanical polishing 
(col 3, lines 30-32). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to smooth the relaxed Sii-yGcy epitaxial layer 1006 of Wu using CMP and to provide a surface 
roughness on the bonding surface of the second substrate 1012 each of less than 1 nm, in order to 
ensure bonding, as taught by Kub. 

Wu does not teach using an intermediate agent layer selected from the group consisting 
of W (tungsten) and Ti (titanium) may be used to enhance the bonding interface. 

Kub also teaches that it is known in the art to use an intermediate agent layer such as a 
metal having been polished to have a RMS surface roughness less than 1 nm (col 4, lines 13-17) 
to aid the bonding between substrates and that bonding (e.g. reaction) occurs between the metal 
and the crystalline substrate during the bonding step, thereby forming a silicide, as indicated in 
Kub (col 4, lines 24-34; col 6, lines 51-53 and col 7, lines 6-21). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use an intermediate agent layer of a metal which forms a silicide layer at the bonding interface 
between the substrates in Wu, in order to aid the bonding of the substrates, as taught by Kub. 

Then the only difference is that Kub does not indicate the identity of the metals used to 
form the metal silicide interface. 
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The basic textbook of Wolf teaches that it is notoriously well known in the art to use Ti 
and W to form silicides by direct metallurgical reaction with silicon at elevated temperature 
(Wolf, pp. 386-391). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use Ti or W, as taught by Wolf, as the metal intermediate agent layer of Wu in view of Kub 
to form the silicide bonding layer as indicated in Kub to aid the bonding. (Kub, col. 6, lines 51- 
53 and col. 7, lines 6-21). 

Regarding claim 9, Wu discloses that the first substrate 1002 is selected from the group 
consisting of Si, SiGe, SiGeC, SiC, GaAs, or InP. 

Regarding claim 18, Wu discloses that the second substrate 1010 is selected from the 
group consisting of Si, SiGe, SiGeC, SiC, GaAs, InP, sapphire, glass, quartz, LiNbOa, and 
PLZT. 

Regarding claim 19, Wu discloses that said the top surface of said first Sii-yGcy relaxed 
layer 1006 on said first substrate 1002 is brought into intimate contact with said top surface of an 
insulator layer 1012 on said second substrate 1010. 

4. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Wu in view of 
Kub and Wolf as applied to claim 1 above, and ftirther in view of US 5,906,951 (Chu et al.). 

The prior art of Wu, as explained above, discloses each of the claimed features except for 
providing the thickness low-defect relaxed Sii.yGcy layer on said second substrate to be in the 
range from about 50 nm to about 1000 nm as determined by the layer structure formed on said 
first substrate. 
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Chu teaches a very similar method to that in Wu of using a relaxed silicon-germanium 
layer as an etch stop and teaches that the thickness may be from 200 nm to 1000 nm (col. 2, lines 
61-67; Fig. 3). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use the thickness of 200 nm to 1000 nm as the relaxed Sii-yGcy layer of Wu, because Wu is 
silent to the thickness, such that one of ordinary skill must determine the appropriate thickness, 
and using a known thickness for an etch stop in a similar method would dramatically reduce the 
experimentation required to determine the proper thickness. With this in mind, the choice of 
thickness range is prima facie obvious without showing that the claimed range achieves 
unexpected results relative to the prior art range. See In re Woodruff, 16 USPQ2d 1935, 1937 
(Fed Cir. 1990). See also In re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of 
result effective variable in known process is ordinarily within skill of art) and In re A Her, 105 
USPQ 233 (CCPA 1955) (selection of optimum ranges within prior art general conditions is 
obvious). 

5. Claims 1, 9, 10, 19, and 21-23 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over US 6,573,126 B2 (Cheng et al.) in view of Kub '796 and Wolf, et al. Silicon Processing for 
the VLSI Era, Vol. 1 -Process Techno loev . Lattice Press: Sunset Beach CA, 1986, pp. 386-391. 

Cheng discloses a method of preparing a relaxed SiGe layer on an insulator and a 
SiGe/Si heterostructure comprising the steps of 

forming a graded Sii-xGcx epitaxial layer 102 on a first single crystalline semiconductor 
substrate 100 (Fig. lA); 
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forming a relaxed Sii.yGey epitaxial layer 104 over said graded Sii-xGex layer (Fig. 1 A); 

smoothing the surface of said relaxed Sii.yGey epitaxial layer 104 to provide a surface 
roughness in the range from about 0.3 nm to about 1 nm root mean square (RMS) using CMP 
(col. 4, last paragraph) -as further limited by instant claim 10; 

selecting a second substrate 108, said second substrate with or without an insulator 106 
(Fig. IB); and 

bonding said top surface of said relaxed Sii.yGcy epitaxial layer on said first substrate to 
the top surface of said second substrate, said step of bonding including the step of annealing to 
form sufficiently strong bonds across the bonding interface to form a single mechanical structure 
(Fig. IB). (See also col. 3, lines 28-37; col 4, lines 20-34; paragraph bridging cols. 4 and 5; col 
5, lines 4-16.) 

Cheng does not indicate whether or not the second substrate 108 with or without an 
insulator 106 has a surface roughness in the range from about 0.3 nm to about 1 nm RMS prior to 
bonding. 

Kub '796 teaches that in order to obtain direct bonding between substrates, that the 
bonding surfaces must have a RMS surface roughness of less than 1 nm and can be obtained by 
polishing (col 4, lines 4-8). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to provide a surface roughness on the bonding surface of the second substrate 106 of less than 1 
nm, in order to ensure bonding, as taught by Kub *796. 

Cheng does not teach using an intermediate agent layer selected from the group 
consisting of W (tungsten) and Ti (titanium) may be used to enhance the bonding interface. 
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Kub also teaches that it is known in the art to use an intermediate agent layer such as a 
metal having been polished to have a RMS surface roughness less than 1 nm (col. 4, lines 13-17) 
to aid the bonding between substrates and that bonding (e.g. reaction) occurs between the metal 
and the crystaUine substrate during the bonding step, thereby forming a silicide, as indicated in 
Kub (col. 4, lines 24-34; col. 6, lines 51-53 and col. 7, lines 6-21). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use an intermediate agent layer of a metal which forms a silicide layer at the bonding interface 
between the substrates in Cheng, in order to aid the bonding of the substrates, as taught by Kub, 

Then the only difference is that Kub does not indicate the identity of the metals used to 
form the metal silicide interface. 

The basic textbook of Wolf teaches that it is notoriously well known in the art to use Ti 
and W to form silicides by direct metallurgical reaction with silicon at elevated temperature 
(Wolf, pp. 386-391). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use Ti or W, as taught by Wolf, as the metal intermediate agent layer of Cheng in view of 
Kub to form the silicide bonding layer as indicated in Kub to aid the bonding. (Kub, col. 6, lines 
51-53 and col 7, lines 6-21). 

Regarding claim 21, Cheng discloses that the step of annealing includes thermal 
treatment cycles to form a strong bond at said bonded interface, said thermal treatment selected 
from the group consisting of furnace anneal and/or rapid thermal anneal (RTA) (col. 4, Hnes 20- 
34; col. 5, lines 51-53). 
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Regarding claim 23, Cheng discloses that the annealing step includes annealing at 600 °C 
and 850 °C (col 4, lines 20-34). 

6. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Cheng in view of 
Kub '196 and Wolf as applied to claims 1 and 21 above, and further in view of US 6,153,495 
(Kubetal.). 

The prior art of Cheng in view of Kub ^796, as explained above, discloses each of the 
claimed features except for indicating what the annealing ambient is or more specifically that the 
ambient is selected from the group consisting of air, N2 and Ar. 

Kub M95 teaches that the bonding ambient for bonding a semiconductor layer to an 
oxide layer may include nitrogen (N2) and argon (Ar) (col 6, lines 23-38). 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use an anneal ambient selected from the group consisting of N2 and Ar, because Cheng is 
silent to the annealing ambient such that one of ordinary skill would use an ambient known for 
successful wafer bonding, such as that taught in Kub' 495. 

Conclusion 

1. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, TfflS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
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MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Erik Kielin whose telephone number is 571-272-1693. The 
examiner can normally be reached on 9:00 - 19:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr. can be reached on 571-272-1702. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EEC) at 866-217-9197 (toll-free). 



Erik Kielin 
Primary Examiner 
26 February 2004 


